Rbume. - These experiments were continued with an
1. Introduction. - By means of resistometric studies of short-range-order (s.r.0.) formation in Au-Ag alloys with different quenching and annealing treatments, Schulze and Liicke [I, 21 were able to show : First, s.r.0.-formation leads to an increase in electrical resistivity (see also [3-51). Second, this is considerably accelerated by high surplus vacancy concentrations frozen in during the initial quench from high temperatures (compare [4] ) . These experiments were continued with an Au 15 at % Ag alloy after quenching from medium and low temperatures. This was done in order to study the transition of the s.r.0.-formation established by diffusion of annihilating surplus vacancies to the s.r.0.-formation due to selfdiffusion (e.g. by thermal vacancies). Quantitative investigations of these measurements lead to independent determinations for the activation enthalpies of formation and migration of vacancies, as well as for the sum of these quantities.
quenched in 0 OC water. Subsequently it was placed in a -40 OC methanol bath where the initial resistivity p,, as well as the actual resistivity after each annealing step was measured. The annealing treatment (either isochronal or isothermal) was performed in silicon oil.
3. Experimental results. - Figure 1 shows the results for three isochronal experiments. The specimen was quenched from different temperatures (T, = 700 oC, 300 O C and 250 OC), and then stepwise annealed for specific time periods (t, = 15 min or 3 h) at each level of increased temperature as indicated.
The following common features can be observed :
1) At the beginning of each isochronal heat treatment the resistivity increases.
2) The resistivity runs through a maximum value into a decreasing curve as the annealing temperatures increase. 2. Experimental methods. -Specimens and expe-3) Above T, = 200 OC the isochronal curves rimental methods were the same as described in [2] . combine. (This is an indication that the annealing A specimen cut out of a foil (0.1 mm thick) was curves' common decreasing part should be considered annealed at different quenching temperatures T, by the equilibrium curve of the s.r.0.-induced resistivity applying electrical current. It was then immediately (compare [3-51.) Apart from these coincidences, considerable differences in the increasing parts of the isochronal curves can be noted (i.e. until the equilibrium curve of the resistivity is reached). It will be shown that these differences can be explained by regarding not only the s.r.0.-formation, but also the simultaneous annihilation of the quenched-in surplus vacancies (see [4] ).
After quenching from Tq = 700 OC, the sample is rather disordered and contains a large supersaturation of vacancies. During subsequent annealing, these vacancies become mobile. They migrate to sinks and annihilate. Since increasing annealing temperature causes an accelerated increase in vacancy mobility, a steep rise of s.r.0.-formation and resistivity occurs. At Ta = 40 O C the equilibrium curve is reached. Further increase of the annealing temperature leads to destruction of s.r.o., and thus a decrease of resistivity follows.
Not only ordering below Ta = 40 OC, but also a certain amount of disordering above Ta = 40 0C has to happen through diffusion of excess vacancies, since selfdiffusion is an important factor only above Ta = 200 O C for the annealing intervals considered. (t, = 15 min). This is to be concluded from isochronal annealing after quenching from 3000C. In this case the vacancy concentration decreases to such a low value during annealing, that the few remaining vacancies do not permit considerable s.r.0.-formation during the annealing intervals of t, = 15 min at temperatures between T, = 160 O C and 200 OC. Therefore, the resistivity curve levels off below the equilibrium curve. Only above T, = 200 O C the concentration and mobility of thermal vacancies are so greatly increased that during one annealing step further s.r.0. and corresponding resistivity changes occur. The isochronal curve runs into the equilibrium curve.
If, however, the annealing time t, at each temperature is extended sufficiently, as represented in this paper by the curve after quenching from T, = 250 O C (here t, = 3 h), one finds that concentration and mobility of thermal vacancies permit detectable s.r.0.-formation after annihilation of surplus vacancies. This fact is demonstrated by the second resistivity increase at higher annealing temperatures (T, 2 160 OC).
Further information about the influence of vacancies on s.r.0.-formation can be obtained through isothermal annealing experiments. In figures 2 and 3, the resistivity p is plotted as a function of the annealing time (versus log t ) during annealing at Ta After quenching from high temperatures Tq 2 500 OC, the resistivity runs through a maximum and reaches a final value which is the equilibrium value corresponding to the annealing temperature. This type of annealing curve has been investigated in detail by Schulze and Liicke [l, 21. In the opinion of these authors such curves must be interpreted as a superposition of an increase of resistivity due to s.r.0.-formation and a decrease due to annihilation of quenched-in vacancies (which is a well known fact for the pure components Au and Ag, compare e.g. quenched-in vacancy concentration decreases. and consequently the maximum disappears at medium quenching temperatures. Then the direct contribution of vacancies becomes neglectable. After quenching from low temperatures T, < 450 OC the quenched-in vacancies are annealed out before the equilibrium of s.r.0. is established. If the concentration of the remaining thermal vacancies is very small (e.g. corresponding to an annealing temperature Ta = 80 O C as in figure 2) , the curves run into final values which are further and further below the equilibrium value in direct relation to the lower quenching temperature (e.g. the annihilating vacancy concentration). However, at the high annealing temperature Ta = 220oC in figure 3, all curves reach the equilibrium resistivity since a sufficient concentration of thermal vacancies remains, and s.r.0.-formation occurs by selfdiffusion (I).
Another variation of isothermal treatment is the temperature change after the equilibrium value corresponding to one annealing temperature has been established. In figure 4 the relative resistivity change value was adopted during further annealing. Then the degree of s.r.0. at T, = 60 0C was restored, and subsequently the annealing at Ta = 80 OC was repeated. It is easy to see, that now a longer annealing interval is required for assuming the equilibrium compared to the first annealing treatment at 80 OC. This factual situation indicates that surplus vacancies still are annihilating, and therefore, identical changes in s.r.0. are slowed down the longer the total annealing time. Figure 5 shows that similar changes of the annealing temperature in the temperature range Ta --200 OC lead to reproducible curves, since here vacancy concentration is in thermal equilibrium. 
Quantitative analyses.
-A quantitative analysis of the different isochronal and isothermal annealing curves can be carried out with two empirical equations proposed by Schulze and Liicke [2] . This method will be demonstrated below by analysing one isothermal annealing curve as an example. A more detailed description will be given in a subsequent paper.
If the direct contribution of vacancies to the resistivity can be neglected, the rate of vacancy annihilation, and the rate of resistivity increase due to s.r.0.-formation, can be described by two simple equations with reaction orders a and / 3 : with and z, is the characteristic time for vacancy annihilation and 7, for s.r.0.-formation. z, is not a constant, since c is a function of the annealing time.
c , and po are the initial values of the vacancy concentration and the s.r.0. dependent resistivity corresponding to the quenching temperature Tq, whereas ce and p, are the equilibrium values dependent on annealing temperature. v is the jump frequency of a vacancy, and n its mean number of jumps before annihilation. m is the mean number of jumps of an atom until the equilibrium value of s.r.0. is reached. B is a constant with the dimension of a resistivity.
Since after quenching from Tq = 300 O C the resistivity changes occur only due to s.r.0.-formation, the results for the annealing curve at T, = 220 O C in figure 3 can be analysed according to the above equations. Figures 6a and 66 show this curve again. The total resistivity change has been normalized to one, and the time scale is either logarithmic (like in figure 3 ) or linear. Figure 6c shows the slope i/(pe -po) of the curve in figure 66 versus the normalized deviation from the equilibrium value
This normalized deviation is greatest (equal one) at the beginning of the isothermal experiment, and decreases with increasing order towards zero ; figure 6c should be read from right to left. The scale of both axes in figure 6c is logarithmic, because then, according to eq. (2), a differentiated isothermal curve she-uld give a straight line with the slope fl and the axis 
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Normalized Resistivity Change (p-%)I(~,-g) intercept of the extrapolated straight line (broken line in figure 6c ) a value for 7s = Tse ( v c~) -can be obtained. H , can then be determined for each single annealing curve from tso and z,, corresponding to
Here one finds HF = 0.96 eV which agrees with the value given in [2] . The full curves in figures 6 are theoretical curves which have been found by fitting the five from single isothermal annealing experiments.
Furthermore it turns out that the behaviour of 
